Abstract-Different types of fingerprint detection algorithms that are based on extraction of minutiae points are prevalent in recent literature. In this paper, we propose a new algorithm to locate the virtual core point/centroid of an image. The Euclidean distance between the virtual core point and the minutiae points is taken as a random variable. The mean, variance, skewness, and kurtosis of the random variable are taken as the statistical parameters of the image to observe the similarities or dissimilarities among fingerprints from the same or different persons. Finally, we verified our observations with a moment parameter-based analysis of some previous works.
INTRODUCTION
The process of personal fingerprint identification using a ridge skin layout that is used to describe biometric characteristics is known as dactyloscopy. It is one of the most dependable and sensible approaches for recognizing an authorized person from among several masquerades, because the fingerprint features are not changeable and are transient like passwords and cards [1, 2] . The ridge and furrow patterns on the tip/surface of the finger, including bifurcations, termination, and the valley, have been applied in a comprehensive way to determine the uniqueness of the fingerprints of a human being. A Y-shaped junction identifies bifurcations, terminations are the endpoint of the ridges, and the valley is the gap between two ridges.
Usually, the Automatic Fingerprint Identification System (AFIS) performs three basic steps to recognize a fingerprint: preprocessing, feature extraction, and classification, which are explained in [3, 4] . The overall performance of AFIS mostly relies on extracting features and its efficient matching mechanisms. It still deserves a much more advanced and accessible high volume fingerprint database that takes into account the computational speed and accuracy of matching [5, 6] . To extract and compare of an image for matching, roughly three techniques can be categorized: minutiae-based, correlation-based, and hybrid explained in [7] .
In the minutiae-based approach, small and precise portions called "minutiae" represent those local ridge characteristics, which are singular points (SP) or singularities of the fingerprint. The core and delta are of great consequence sections in SP and for fingerprint classification along with matching [8, 9] . On the other hand, the correlation-based method broadly deals with texture description [10] , ridge shape, and alignment. The principles of both of the methods are used by the hybrid method [11] [12] [13] [14] . All of the above methods have more or less several imperfections. Some of these types of imperfections include: the performance of an algorithm and its computational speed degrades when the image quality is not satisfactory, for example the case of a multi-spectral noisy image [5] ; a limited efficiency when a different scale position and rotation angle are used for the same input images [15] ; or suffering from time-consuming alignment (correlation-based).
A. K. Jain et al. [8] proposed a correlation-based method where the changes in position of the input image are skipped over with respect to a reference point. In [5] , J. C. Yang et al. extracted invariant moment properties on a certain Region of Interest (ROI) and an eigen value weighted cosine distance was used to detect similarities or dissimilarities. J. Garcia et al. [16] applied a filtering method and a moment feature to calculate the parameter for matching. M. S. Khalil et. al [17] analyzed by detecting the singular points of an image based on the statistical analysis of the co-occurrence matrix. Zhang et al. [18] proposed a multi-resolution direction field concept to detect the core point for matching. Another core extraction-based method was proposed by A. Mishra [19] . The above technique uses the orientation mask with the neighborhood averaging method to detect the core point. Both the geometric moment and Zernike moment were used in [20] for fingerprint recognition. In [21] , a new orientation extraction baseline algorithm was proposed and the local and global features of fingerprints were analyzed. Based on the minutiae and pore extraction, a reference resolution was recommended for the AFIS in [22] .
In this paper, we propose a new algorithm for fingerprint identification and verification based on the measurements from the statistical random variables using the extracting minutiae from the input image to locate the accurate core point as a reference point for the image. After calculating the Euclidean distance from the virtual core point for each extracted minutiae (bifurcation, termination), the statistical parameters like the mean, variance, skewness, and kurtosis are used for the detection of a fingerprint whether it comes from the same person or from a different one. Finally, seven invariant moment features are then used by providing the ultimate accuracy information to ensure the matching.
The paper is organized as follows: Section 2 deals with the preprocessing technique of an image. The mathematical model of the proposed algorithm in the detection of the virtual core point, the minutiae extraction technique, the moment invariant parameters, and the relation between statistical parameters and the recognition and verification system are also described in this section. Section 3 provides the results obtained from the simulation and performance evaluation in context of Section 2 and finally, Section 4 concludes the entire analysis.
SYSTEM MODEL

Preprocessing
The system model starts with a normal preprocessing approach. The enhancement process prepares to level up the image and makes the ridge pattern clarity better so that it can run at the maximum degree of favorable termination in further processing. We used a 500 dpi resolution of a fingerprint image that was 320×480 pixels in size (FBI standard [19] ). In this paper, preprocessing is performed by gray-level normalization enhancement to compute the mean and variance in the pixel-wise manner as briefly described in [23] .
The normalized image can be defined as: 
and: (3)
Virtual Core Point Detection
To speed up the overall process, the determination of the reference point is essential. After locating the point at its reference, it is observed that the core points are formed by a distinct pattern from the directional field. These curvatures of the ridges are similar to an elliptic loop [19] . In this paper, we propose a new system of reference point locating called the "virtual core point," by which we estimate the predefined area (ROI), where the actual core point or high curvatures must reside.
Let θ be the orientation parameter that can be computed by the local ridge orientation [6] . Here θ(x, y) represents the local ridge at pixel (x, y) and is calculated in a non-overlapping block-wise manner. However, the orientation field, as based on the least mean square (LMS) algorithm is briefly described below in relation to the research outlined in this paper [8, 24] at each pixel (x,y) by using the gradient operator.
3) Estimate the ridge orientation with the following equations:
and:
Consequently:
However, we know that the slope of a curve on the point of the maxima is zero, but the slope to the immediate left of the maxima is positive and on the immediate right it is negative. The situation is reverse for the case of the minima, (i.e., the slope to the immediate left of the maxima is negative and on immediate right it is positive). The gradient of the immediate left and right points of the maxima are: However, by storing the ridge orientation mapping into an array and determining the maximum value of each row and their corresponding co-ordinate values, we can easily calculate the virtual core point.
The algorithm for virtual core point detection is summarized as follows:
1. Read the image. 
Minutiae Extraction
To measure the minutiae information, the feature-analysis procedure is performed by considering the following two factors: 1) intensity distribution and 2) the relative arrangement of pixels in an image [17] . Here, the crossing number technique is applied to detect the bifurcation and termination points. This method identifies those ridge-maps by examining the local neighborhood of a 3×3 pixel window and calculates the number of pixels that intersect at the center of the pixel. The calculation is represented by the following equation [16, 25] :
where, p(k)= 0,1,2,….,7 are the eight neighbor pixels of C(pi) of a block taken as the ordered sequences. Therefore, the value of C(pi) can possibly configure different cases of the ridge-maps shown in Fig. 2 . If C(pi) = 5 indicates that there exists a ridge bifurcation ( Fig.2 (a) ), indicates the intermediate ridge map (Fig.2(b) ), and C(pi) = 7 means that a ridge ending exists ( Fig. 2(c) ).
Fingerprint Recognition
This section deals with the recognition and verification performance to get an accurate matching output. In previous sections, we have already identified the virtual core point that almost indicates the centroid of the image and also extracts the bifurcation and termination points as minutiae. We are proposing a new approach to compare for recognition of fingerprint. The comparison is made with the following four important statistical parameters: mean, variance, kurtosis, and skewness. To determine the statistical distribution of minutiae points, we calculate the mean and variance of the distance between the minutiae points and the virtual core points like in Fig. 3 . Now, the mean and variance (the distance between the virtual core point and the minutiae point) is:
where:
Here (v cx , v cy ) are the coordinates of the virtual core point and (x i , y i ) are the coordinates of the Fig. 3 . The Euclidean distance measurement between the virtual core point and the extracted minutiae position minutiae. The skewness is a measure of the asymmetry of the probability distribution of a realvalued random variable l i , which is expressed as: 
The kurtosis is a measure of the "peakedness" (the ratio of the variance and mean) of the probability distribution of a real-valued random variable, which is expressed as:
where μ is the mean and σ is the standard deviation of the random variable l i .
E. Fingerprint Verification
Computing the invariant moments that are insensitive to deformation, especially for rotation, now validates the efficiency of the fingerprint recognition. Therefore, if f(x, y) is a digital image, the moment of order (p+ q) is defined as:
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EXPERIMENTS AND PERFORMANCE EVALUATION
In this section, more than 200 fingerprints were taken from different people for analysis and verification. In Fig. 4(a) , the fingerprint of Person-1 with a single core at the middle was taken. Their ridge orientations are shown with dotted lines. Fig. 4(b) shows the original image, its ridge orientation, virtual core point on its ridge orientation, and virtual core point on its original image. The profile of (x max_i , y max_i ); i =1, 2, 3,..,M; follows the maxima and minima points of the ridge orientation as shown by dark lines. The virtual core point ( )
that was detected by the proposed algorithm is indicated by the square, which is exactly on the core point.
A similar analysis was done for three other types of images. For the case of a fingerprint with two core points, the virtual core point was found to be approximately at the middle point of the connecting line of two original core points, as shown in Fig. 5(b) . When the core point was located in one corner, the virtual core point shifted diagonally a little along the opposite corner, as visualized in Fig. 6(b) . Finally, when the fingerprint did not have a core point, then ( ) Y X , indicates the point vicinity of the centroid of the image, as shown in Fig. 7(b) . Now, for the extract statistical parameters and moment invariants, we selected 8 fingerprints from the same person, as shown in Table- 1(a) and Table-1(b). Figure 8 shows the original image, the enhanced version of the image, the image after thinning, bifurcation points on the image, bifurcation points on the Cartesian co-ordinate system, and the invariant moments of the same person case. The variation of the parameters is visualized in Figs. 8(a) and 8(b) , which arises because of different orientations of the image. A similar analysis is shown in Figs. 9(a) and 9(b) for the case of termination points. Finally, Figs. 10 and 11 show the analysis of different individuals for the cases of the bifurcation and termination points respectively.
To calculate the statistical parameters and moment invariants based on bifurcation points, we selected 8 fingerprints from the same person, which is shown in Table-1(a) and Table- The maximum deviation of the mean distance i l is found to be 9.0205% and the minimum deviation is only 3.1662%. The percentage deviation of the variance is found as ≥ 34.8841%.
The kurtosis and skewness are found to be very close to each other (Table- 1(a) ). Finally, we observe from Table-1(b) that the invariant moments are also found to be very close to each other for all 8 images of the same person case. Tables-1(c) and 1(d) show a similar analysis for the case of fingerprints from 6 different people. Here, the maximum deviation of the mean distance is 60.9210% and its minimum value is 16.4016%. The percentage deviation of the variance is found to be ≥ 84.2020%. Other statistical parameters, kurtosis, and skewness are also fluctuated for the case of different individuals, as is visualized in Table-1(c). Table-1(d) gives the seven invariant parameters that are quite far apart from one another. The analysis described above is done for a bifurcation points' case. Let us now concentrate on the case of termination points.
A high percentage of acceptance is obtained by extracting the termination points from the 8 images of the same person, as shown in Table- Table-2(b) . Similarly, a better comparison assurance can be seen in Table-2(c) and Table- 2(d) for the case of different individuals. The value of the mean, variance, kurtosis, and skewness vary irregularly for the 6 different fingerprints from 6 people. For example, the maximum and minimum deviations of the mean distances are 53.2723% and 11.6766%, respectively. In addition, the invariant moment parameters in the order of 1 to 7 make a transparent difference for different persons.
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